We investigated associations between smartphone dependence and general health status or personality traits. To 197 medical university students, we administered a set of self-reporting questionnaires designed to evaluate these parameters. For males, smartphone dependence positively correlated with somatic symptoms, anxiety and insomnia, and emotional instability, and negatively correlated with agreeableness. For females, smartphone dependence positively correlated with somatic symptoms, severe depression, and extraversion, and negatively correlated with social dysfunction. These findings suggest that smartphone dependence may be associated with general health status or personality traits and that there may be a gender difference in these associations.
Introduction
Smartphones, which first became widely available in Japan in 2008, have rapidly come into widespread use. At the end of 2014, household penetration in Japan was 64.2%, and use was particularly common (94.5%) among people in their twenties [1] . Smartphones are more like tablet computers than mobile phones, and therefore may herald another change in the way mobile telecommunications are used. For example, 54.0% of smartphone subscribers answered that their frequency of use of Internet services in-creased after acquisition of a smartphone [1] . On smartphones, new communication tools such as social networking service (SNS) are more easily accessible. Thus, compared to simpler mobile phone handsets, while bringing greater convenience, smartphones also carry the potential for abuse, including use that leads to risky inattention in public places and excessive use or even dependence.
Viewing problematic smartphone use as a type of technostress [2] , we recently developed a new scale for gauging smartphone dependence, the Wakayama SmartphoneDependence Scale (WSDS), and confirmed its reliability and validity [3] . In a recent study in which it was applied we found that smartphone dependence can be predicted by factors such as gender, mode of residence, chronotype, and depressive state [4] . At the same time, however, we concluded that other factors might also contribute to smartphone dependence.
In the present study, by analyzing the responses of medical university students, we examined associations between smartphone dependence and general health status or personality traits. Studies have been emerging, such as a report associating smartphone overuse with depression and anxiety [5] , but there are still very few comprehensive examinations of the health implications of smartphone dependence. Meanwhile, previous studies have suggested that dependence on some of the functions provided by mobile phone is associated with personality traits [6] [7] .
Materials and Methods

Subjects
For the study, approved by the Ethics Committee of the Wakayama Medical University, we enrolled 197 medical university students. After informed consent was obtained, the participants filled out a set of self-reporting questionnaires designed to evaluate smartphone use, general health status, and personality traits. Of 190 respondents who possessed smartphones, 184 respondents properly completed all the questionnaire items.
Statistical analysis was performed for 140 respondents (87 males, 53 females) who reported using smartphones mainly to access the Internet. Mean (±SD) age for males was 21.2 ± 2.1 years and for females 20.8 ± 1.6 years. In our previous study, we found that respondents using smartphones mainly to access the Internet had statistically significantly higher scores, both total and for each WSDS subscale, than respondents who used other devices mainly to access the Internet [3] . Incidentally, in this study, the former also reported greater daily use of smartphones (170.4 ± 113.5 vs. 130.5 ± 99.1 min, t = 2.07, p < 0.05).
Smartphone Dependence
Smartphone dependence was evaluated using the WSDS [3] , a 21-item self-rating scale with 3 subscales (each comprising 7 items): Subscale 1, immersion in Internet communication; Subscale 2, using a smartphone for extended periods of time and neglecting social obligations and other tasks; Subscale 3, using a smartphone while doing something else and neglect of etiquette. Each response is scored on a Likert scale (0, 1, 2, 3).
Likert scores for each item are then summed to provide subscales (ranging from 0 to 21) and overall (ranging from 0 to 63) scores of smartphone dependence. Higher scores indicate greater dependence.
General Health Status
General health status was assessed using the 28-item General Health Questionnaire (GHQ-28) [8] , a self-rating questionnaire which consists of four 7-item scales measuring somatic symptoms, anxiety and insomnia, social dysfunction, and severe depression. The scores for each subscale range from 0 to 7. In each section, higher scores indicate poorer health status.
Personality Traits
Personality traits were assessed using the 10-item Personality Inventory (TIPI) [9] , a self-rating questionnaire which consists of 2 items for each of the "Big Five" personality dimensions: extraversion; agreeableness; conscientiousness; emotional instability; openness to experience. The scores for each trait range from 2 to 14. Higher scores indicate a greater degree of that trait.
Statistical Analysis
Before statistical analysis, Kolmogorov-Smirnov testing of normal distribution was conducted. Since none of the GHQ-28 subscale scores passed this test, we used Spearman's correlation coefficients to analyze the relationships of these scores to the WSDS subscale scores. Relationships between WSDS subscale and TIPI subscale scores were analyzed using Pearson's correlation coefficients. Values were considered to be statistically significantly different when p < 0.05. Table 1 shows scores for smartphone dependence. No statistically significant differences were found between males and females in WSDS total and WSDS subscale scores. Table 2 shows relationships between smartphone dependence and general health were not apparent. Meanwhile, for females, we detected statistically significant correlations between scores for subscale 2 and somatic symptoms (ρ = 0.39, p < 0.01) and severe depression (ρ = 0.29, p < 0.05). In addition, we found a statistically significant negative correlation between subscale 3 scores and social dysfunction (ρ = −0.41, p < 0.01). Female subscale 1 scores showed no correlation with any of the GHQ-28 subscales. Table 3 shows relationships between smartphone dependence and personality traits. 
Results
Discussion
Both for males and females, WSDS subscale 2 is associated with somatic symptoms.
Previous studies have reported that extended use of mobile phones or other electronic devices may be associated with pain in the neck and shoulders and low back pain [10] [11]. Such musculoskeletal symptoms may be due to maintaining posture for too long or to loading from thumb movements [12] . For males, subscale 2 is also associated with anxiety and insomnia. Previous studies have suggested that extended use of mobile phones at night might delay the sleep phase [13] [14] . This may be associated with display brightness [15] . For females, the same tendency was observed, but it did not reach statistical significance (r = 0.26, p = 0.06). Plausibly, it could be suggested that males tend, more than females, to use smartphones at night. Previous studies also found that males, compared to females, access to the Internet longer before sleep and play video games more often in bedrooms [13] [15] . For females, we found a significant negative correlation between subscale 3 and social dysfunction: that is, "using a smartphone while doing something else and neglect of etiquette" was associated with activeness. Moreover, subscale 3 was also associated with extraversion. No such relationship was apparent for male respondents. These findings may suggest a gender difference in the use of smartphones for communication. Females tend, more than males, to prefer remote communication and to maintain close relationships by this means [16] [17] . Some females, therefore, regardless of situation, may prioritize replying promptly to a direct message. Such an obsession may, in turn, lead to depressive symptoms. Actually, for females, we found a correlation between subscale 2 and severe depression. Even so, it is hard to reliably establish any relationship between use of SNS and depressive symptoms [18] [19] . To better understand our present findings, we await the findings of future studies.
Meanwhile, only for males, subscales 1, 2, and 3 are negatively associated with agreeableness. This finding may suggest that some males use smartphones to escape from reality. In the present study, we found that males, compared to females, also spent more time playing online games (Z = −2.48, p < 0.05). A previous study also reported a negative correlation between problematic online game play and agreeableness [20] . Incidentally, subscale 2 is associated with emotional instability (i.e. neuroticism), which is consistent with a previous study that found a correlation between problematic online game play and neuroticism [20] .
Conclusion
In this study, we found associations between smartphone dependence and general health status or personality traits, and also gender differences in these associations.
Males seemed to immerse themselves in online games and females in online communications. In either case, extended use of smartphones correlated with poorer health. This research, however, has several limitations. First, all the subjects were medical students, which is too narrow to be representative of the same cohort in the general population.
Second, owing to its cross-sectional design, this study is unable to clarify causal direction. These points require consideration in future studies. Even so, the present findings may be useful for providing smartphone guidance directed at university students. To further elucidate factors associated with smartphone dependence, we are planning further investigations.
